INTRODUCTION
The work described in this paper is being carried out within the framework of two successive projects called SANTANA I & II (Smart Antenna Terminal) [1] , funded by the German government (BMBF) on behalf of the DLR. The goal of these projects is the realisation of a demonstrator of a certain type of phased array, for applications such as terminals for broadband satellite communication ( figure 1 ). This type of terminal can provide a link between airplanes and GEO satellites, for example. One promising concept is a transmit-only array at 30 GHz, which uses the sequential rotation principle for achieving a better circular polarisation over the required scan angle. The number of elements can amount to more than 4,000, and the beam of the array can be steered and formed electronically by applying different amplitudes and phases to the antenna elements by employing the Digital Beam Forming (DBF) technique. Due to the special arrangement of the patch elements, the coupling effects have a large impact on the axial ratio and thus on the array pattern, and are therefore of main interest for the design, and overall performance. This paper describes which strategy/approach is used for determining the far field behaviour of the array while maintaining a high degree of flexibility with respect to eventual changes in the design.
First, the general configuration of the array is elucidated, and the method applied for determining the far field characteristics presented. Thereafter, aspects like FDTD (Finite Difference Time Domain) modelling are explained, and problems encountered are highlighted.
ANTENNA CONFIGURATION
The final size of the planar antenna array will be 64 by 64 elements resulting in a total number of 4,096 elements. The polarisation is circular, and the build up modular; each module is composed of 4 by 4 elements, element spacing is /2. The operating frequency is 29.5-30.0 GH, and the maximum scan angle amounts up to 60° from bore sight. At this time the basic antenna element consists of a circularly polarised patch element, fed by a circular waveguide via an elliptical slot. All patches of the array have a truncated square shape, and can be separately steered in amplitude and phase (DBF). The schematic of a single patch element is displayed in figure 2 . As mentioned previously, these elements will be sequentially rotated as indicated in figure 3 , in order to improve the axial ratio. The patches are not only rotated spatially 90° with respect to each other, but also fed with an incremental 90° phase shift. The complete antenna array will consist of 1,024 of such 2x2 groups. Normally, the sequential rotation principle is used to generate circular polarisation from linearly polarised patch elements [2] . Yet, the use of sequentially rotated circularly polarised elements enhances the polarisation behaviour of the array [3] , and suppresses the generation of grating lobes, especially in case of scanning. This takes the design one step further towards fulfilling the stringent requirements of airborne terminals. 
METHOD OF APPROACH
The method for determining the far field of the array considered here has to provide possibilities for:
o investigation of manufacturing tolerances, o far field behaviour over scan angle, and o verification of calibration strategies/methods.
It is needles to say that the method also has to be efficient -long simulation times are very contra productive-, and hast to be flexible with respect to the use of different antenna element configurations. Various concepts are examined, and currently a new design is already under process. Taking also into account that the antenna can be considered as a medium to large size array because only 6% of all the elements are situated at the edge of the array, the following approach is adopted:
o A subgroup -one patch active, surrounding patches passive-is identified that describes the coupling effects sufficiently, and can also be modelled using commercial available field solvers. Edge elements are not considered at this time. o The far fields of this subgroup is determined by simulation, and multiplied by the appropriate array factor, in order to obtain the far field pattern of the array.
Hence, phase and amplitude of each patch can be adjusted separately without changing the subgroup model, and different types of variations like Gaussian distributed errors, can be added mathematically via the array factor. An exact determination of the far field by analytical means is not an option here because it will be rather complicated, and not flexible with respect to different element concepts: should the element configuration change, a new analytical model would have to be defined.
Key element in this approach is the determination of the correct subgroup. Based on the work performed in [4] different configurations for the sequentially rotated patches have been investigated: a patch surrounded by neighbouring elements as shown in figure 4 on the left (first order model), and a group of 4 patches surrounded by neighbouring elements as depicted on the right of figure 4 (4x4 model). Extensive investigations show that latter model is the most suitable for modelling the coupling effects with the available resources (CPU speed/memory requirements). Within a group of 2x2 elements, due to the spatial orientation of the patches, a very strong coupling occurs between the active patch and one of its direct neighbours. This is the reason why a larger number of neighbouring patches has to be taken into account than normally is the case. 
FDTD MODELLING
The FDTD modelling applied here is the classic approach: the complete radiating structure (active and passive patches) is enclosed by a box (denoted FF-box here) that registers the near fields, as shown in figure  5 . The FF-box has always to be completely closed, either by enclosing the whole radiating structure, or by closing the box via an infinite ground plane as depicted in figure 5 . In order to obtain the far fields, the E-and H-fields on the walls of this box have to be transformed into the far field. Two problems are encountered here.
The first one is the effect of the infinite ground plane, which acts like a mirror. This can be solved by simply applying the image theory [5] . The second arises from the fact that the FF-box has to cut the substrate in order to reach the ground plane, thus violating the equivalence principle [5] . 
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Latter problem has been solved by using a finite size substrate. Investigations showed that this is allowed for the respective configuration because the amount of surface waves propagating is very small [6] .
The FDTD-field solver used to model the different configurations as displayed in figure 4 is Empire TM [7] . A simulation problem encountered here was the very fine FDTD-grid due to the shape of the elliptical feeding slot. The minimum grid size is 20 m x 20 m in the slot plane. First simulations of the patch with different degrees of discretisation showed remarkable differences regarding the return losses. Also, the waveguide transition has to be included in the model. So, a fine meshing is compulsory for this patch configuration. Therefore, the size of the FDTD model of the 4x4 sub group was rather large; 830x830x30 cells. A total memory of about 1.5 GB was necessary to solve the problem and the simulation time was about 8 hours on a Pentium ™ (IV) PC. This is an acceptable time frame because it is a simulation that has to be performed only once; the array far field pattern is calculated using the simulated element far field. This simulation time permits the investigation of the scan properties of the 4x4 subgroup as demonstrated in figure 6 . By applying certain time shifts to the different patch excitations, the beam can be steered in any arbitrary directions. For each scan angle only one simulation has to be performed. Such experiments help a great deal to understand better the electromagnetic behaviour of the array.
TEST BED
The method presented here proves to be a valuable test bed for different investigations. As an example, illustrated in figure 7 , the far field in one of the cardinal planes of the 64x64 array has been determined using the 4x4 model. The scan angles are 0° and 60°. The pattern at a scan angle of 60° shows an unexpected sidelobe at an elevation of -10°, which is due to the strong coupling between the patches. Calculations using the far field pattern of only a single patch without any neighbour elements did not show such a sidelobe. Another important investigation is the influence of phase errors. Such errors can have a significant impact on the scan performance of arrays. Applying different Gaussian distributed phase errors shows that the array behaves in a relative good natured way as one would expect of an array of such dimensions. This kind of information is essential for the beam forming and calibration algorithms.
Investigations expected to be performed in near future are the influence of tolerances in size of the patches and calibration strategies. Different characteristically sized patches will be simulated for the sub group model using some typical manufacturing tolerances. Deviations in antenna gain, due to a frequency shift caused by the tolerances can be entered as stochastically distributed errors in the excitation of the elements. This will provide an insight in the behaviour of the array with respect to manufacturing and maintenance aspects. Calibration is a rather critical aspect in the complete design due to the large number of active components. Experiments that can be performed using the test bed are variation in drift of the amplifiers by introducing amplitude errors -the same procedure as for the phase errors previously described-, and online calibration methods. During the use of the terminal the array has to be calibrated continuously, and different strategies have to be worked out how to do this without interrupting the transmission in a significant way.
CONCLUSIONS
A methodical approach has been presented for determining the far field characteristic of a medium-tolarge-size array equipped with DBF. Important details like coupling and FDTD modelling that underlie the method are discussed, and corresponding problems addressed. The test bed created has already proven to be invaluable for the past and on-going investigations and design of this type of array, and will be used for various types of studies in near future. 
